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细胞衰老有关，而 IGFBP-4 通过对 Wnt 信号传导通路的调控，促进心肌细胞的
分化及蟾蜍胚胎心脏的发育，且 Honda 等人在人群研究中发现 IGFBP-4 随着年
龄增加及衰老相关疾病血浓度发生动态变化。基于以上研究，我们估计 IGFBP-4
可能参与衰老调节，对此，国内外尚无相关文献报道。我们拟通过本研究探讨




方法：分别构建 IGFBP-4 及其干扰 RNA 的慢病毒表达载体和空质粒慢病毒
载体；采用体外培养技术分离培养人脐静脉内皮细胞（HUVECs），以传代法建立
内皮细胞衰老模型；将 HUVECs 分为三组即 IGFBP-4（+）组、IGFBP-4（-）组
和 Control 组，以将构建好的慢病毒分别感染各组 HUVECs，使内皮细胞稳定表






增加较 Control 组和 IGFBP-4（-）组缓慢，IGFBP-4（+）组细胞增殖指数降低
































Background: Epidemiological studies indicate that aging is an independent risk 
factor for atherosclerosis disease,  the senescence and injury of vascular endothelial 
cells is the first link in happening of atherosclerosis disease,  the senescent mechanism 
is always a focus of  research.  Insulin-like growth factor system is composed by 
insulin-like growth factor(IGFs), insulin-like growth factor recptors(IGFRs),as well 
as insulin-like growth factor binding proteins(IGFBPs), which play an important role 
in process of fetal growth and development, hyperplasia, and malignant 
transformation in normal cell. In recent years, foreign scholars found that canonical 
Wnt signal parthway had relation with cell senescence , and IGFBP-4 enhenced 
cardiomycyte differentiation and cardiac development of Xenopus embryos by 
modulating on the canonical Wnt signaling, and Honda et al found in a population 
study that Serum levels of IGFBP-4 had dynamic changes with age and age-related 
deseases. Based on the above researches, we speculate that IGFBP-4 may play a role 
in the modulate of aging, and there is no such report in home and abroad. We hope to 
discuss the effect of IGFBP-4 on endothelial cells during aging, and find out the 
Regulating mechanism, in order to provide Theoretical basis for Anti-endothelial cell 
senescence, Promoting endothelial injury repair,and the therapy of inhibiting 
atherosclerosis. 
Purpose:To study the effect of lentiviral-mediated IGFBP-4 gene on vascular 
endothelial cells during growing and senescent process. 
Methods: Separately constructed recombinant of IGFBP-4 gene and it’s siRNA with 
lenentiviral vector and blank lenentiviral vector; Isolation of in vitro cultured human 
umbilical vein endothelial cells（HUVECs） , established the aging model of 
HUVECs by cell passage; The three lentiviruses separately transfected endothelial 
cells, so IGFBP-4 protein could being expressed steadily or IGFBP-4 gene was 















by light microscope, detecting the positive cells stained with activity of 
Senescence-associated(SA) β-galactosidase and assay of cell cycle with flow 
cytometry. 
Results: We had constructed lentivirus successfully,and they could infect HUVECs 
effectively; We constructed the aging model by cell passage; After infected, Cell 
passage number of IGFBP-4(+) group wass obviously increased compared with 
Control group and IGFBP-4(-) group. Along with degenerate, the increasing of cell 
senescence rate in IGFBP-4(+) group was slower than Control group and IGFBP-4(-) 
group, the extent of cell proliferation index decreased lower than that of Control 
group and IGFBP-4(-) group，the satistic difference was significant. 
Conclusion: IGFBP-4 might delay the senescence of human umbilical vein 
endothelial cells in vitro. 
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胰岛素样生长因子结合蛋白（IGF binding proteins，IGFBPs） 是一个包含





IGFBP-4, 肝脏是 IGFBP-4 表达最丰富的部位[6]。 
既往针对IGFBPs的研究主要集中于IGFBPs与 IGFs及其相关受体构成的复
杂分子网络中。在体内，IGFBP-4 与 IGFs 结合、并受其蛋白水解酶 PAPP-A(妊
娠相关血浆蛋白 A)的调节而发挥一系列重要作用。在女性生殖生理方面，
IGFBP-4 抑制人卵巢类固醇的生成，并通过抑制卵巢中 IGF 活性抑制卵泡发育
[7]，而且怀孕期间 IGFBP-4 在母体循环中显著增加[8]，同时血清中 PAPP-A 也显
著地增加，导致大量的 IGFBP-4 被裂解而释放出大量的游离 IGFs，增加 IGFs
的生物活性，促进胎儿的生长发育；IGFBP-4 是由骨细胞产生的最主要的
IGFBPs，是骨生成的最重要的调节剂，其血清浓度与血清 PTH 浓度密切相关[9]。




等，几乎所有结肠癌细胞株都分泌 IGFBP-4，主要作用是通过与 IGFs 结合作为
结肠癌细胞株的抑制蛋白[11-13]；在淋巴组织, 过多的 IGFBP-4 抑制细胞增殖并
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Wnt 信号通路与细胞衰老之间存在联系。随后日本学者研究发现含 IGFBP-4 的
上清液可以促进 P19CL6 细胞（起源于小鼠 P19 胚胎肿瘤细胞系）向心肌细胞
分化；进一步的研究表明，IGFBP-4 通过与 Wnt 信号通路的 Frizzled8 /LRP6（low 
density Lipoprotein receptor related protein 6）共受体竞争性结合，抑制了 Wnt-
β-Catenin 信号传导通路的激活，促进向心肌细胞的分化；在体实验提示
IGFBP-4 促进非洲蟾蜍胚胎心脏的发育[16]。以上实验研究均证实 IGFBP-4 通过
Wnt 信号传导通路对生长、发育等起调节作用。这是 IGFBP-4 独立于 IGFs 分
子网络的作用。此外， Honda、Rosen 等人曾研究表明血清中 IGFBP-4 浓度随
着衰老及衰老相关疾病而发生动态变化[17-19]。 
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第二章  慢病毒载体质粒的构建及慢病毒的包装 
1. 实验材料 
1.1 主要仪器设备  
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水平电泳仪                               Bio-Rad 公司 
紫外透射仪（ZWF 型）                    上海金达生化仪器有限公司 
制冰机                                   Sanyo 公司 
Western blotting 电泳槽                     Bio-Rad 公司 
Western blotting 电转槽                     Bio-Rad 公司 
凝胶成像及分析系统                       英国 UVItec 公司 




酵母提取物、胰蛋白胨                    
琼脂糖、氨苄青霉素 
限制性核酸内切酶（HindIII、BamH I、Sal I 、
Xhol I、BglII） 
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